Changes in periarticular bone are a major feature of both rheumatoid arthritis (RA) and osteoarthritis. In RA the ability of drug therapy to prevent periarticular bone destruction in severe disease is an important measure of drug efficacy. Standard methods of scoring radiological change in joints are subjective, insensitive, and difficult to measure. They are mainly based on either comparisons of radiographs with those in a standard atlas or on counting erosions in particular joints. ' ring in RA, and in the present study have investigated the feasibility of applying these techniques to the investigation of radiographs taken with standard radiographic apparatus available to routine hospital x ray departments. We have examined both the reproducibility of the measurements in non-RA hands and their sensitivity in detecting changes in selected small joints of the hands of patients with RA followed up for periods of up to two years.
Patients and methods

IMAGE ANALYSIS AND RADIOGRAPHIC TECHNIQUE
Radiographs were taken with the hands immersed in 5 cm of water to minimise soft tissue effects (in a parallel study we are analysing changes in periarticular bone density) and using a jig which ensured constant hand position for repeated examinations. Agfa Mamoray RP3 film was used and exposed at 40 kVP, 100 mA at six seconds. Films were developed by a conventional automatic film processing machine. (Fig. 1 ) of a 120°arc of the bone perimeter which includes the periarticular bone contour was defined. Each polar signature consists of 240 individual points (see Fig. 1 ). Polar signatures of the same joint in successive radiographs could then be compared by correlation coefficients(r), perimeter ratio (that is ratio of perimeter of polar signature baseline/ perimeter of polar signature on follow up), similar ratio of areas of polar signatures, ratio of area/ square of perimeter, and calculation of mean and standard deviation (SD) of the mean after subtraction. Examples of polar signatures from pairs of radiographs which show no change and significant changes respectively are shown in Figs 2 and 3. From consideration of serial radiographs of control hands the 95% confidence limits for serial measurements were calculated, and changes in RA films subsequently analysed were considered as significant if they fell outside these limits.
SUBJECTS
Initial reproducibility studies were performed in 20 control subjects who had baseline and repeat radiographs at intervals of six months. These subjects were chosen from a rheumatology outpatient clinic and included patients with soft tissue rheumatic disorders, cervical and lumbar spondylosis, and excluded patients with clinical evidence of inflammatory joint disease. All subjects gave informed consent to taking part in the study. 
joints of the hands and in this case we have shown the worst affected joint. The patients with RA chosen all had classical or definite disease by the criteria of the American Rheumatism Association.9 All patients with RA had active synovitis in the small joints of the hands when entered in the study and all but two received second or third line drug therapy during at least part of the period of study.
Results
The reproducibility and 95% confidence limits of serial image analysis measurements in the head of the proximal phalanx of the middle finger in pairs of control radiographs are shown in Table 1 . Using the normal ranges for mean and standard deviation of changes of polar signature subtraction thus defined, changes in serial RA films defined by image analysis were compared with changes in the Larsen index. Significant changes were found in 13 of 15 RA films by image analysis but in only nine sets of films by Larsen scoring (Table 2 ).
In the last part of the study we examined the rapidity with which radiological changes could be shown to develop in 21 further patients with RA, in whom the worse affected PIP or MCP joint was chosen. Significant changes occurred in 15 of the 21 joints (Tables 3 and 4) . Changes occurred as early as four months, and in 11 of these joints changes occurred in less than 12 months. In one case (patient No 6, female) radiological improvement suggestive of healing was seen.
Discussion
In this study we have investigated the potential usefulness of image analyse software in the serial measurement of radiographic changes occurring in periarticular bone in patients with RA and using hand radiographs which could be produced in any routine x ray department. We 
